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e This is a closed book and closed notes exam. In addition, you are not allowed to use any 
electronic aides of any kind. 


e Do all 8 problems in this booklet. Read each question very carefully. 


e You should have 9 pages total (the cover sheet, plus numbered pages 1-16). The last sheet is 
scratch paper; you may detach it while taking the exam, but must turn it in with the exam 
when you leave. 


e Unless otherwise stated in a problem, assume the best possible design of a particular imple- 
mentation is being used. 


e If you have the choice between the in-order successor and the in-order predecessor, choose 
the in-order successor. 






































Problem | Points | Score | Grader 

if 20 
2 20 
3 10 
4 15 
5 15 
6 10 
ie 15 
8 15 

Total 120 
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1. [Multiple Choice — 20 Points (2 points each)]. 


For each of the questions below you are to circle the best answer. The best answer is the 
most restrictive correct answer. 


(a) 


— 
a 
NS” 


a 
~~ 


For an AVL tree with n nodes, its height would be: 
a) O(n) 
b) O(lgn) 
c) O(n") 
d) O(nlgn) 














Which of the following is NOT TRUE for an AVL tree ? 
a) Worst case running time for insert is O(nlgn) 





b) Inserting into an AVL tree may require more than one rotation (single or double) 











c) Removing an element from the AVL tree may require more than one rotation (single 
or double) 
d) Every node in the AVL tree must have a balance of +1, -1 or 0 


Which of the following descibes a double left rotation on an AVL tree node? 

a) single left rotation on the node’s left child, followed by a single right rotation on the 
node itself 

b) single left rotation on the node’s right child, followed by a single right rotation on the 
node itself 

c) single right rotation on the node’s left child, followed by a single left rotation on the 
node itself 





d) single right rotation on the node’s right child, followed by a single left rotation on the 











node itself 











Which of the following is NOT TRUE for a B-tree ? 

a) B-Trees make use of comparisons of values to see which value is lesser and which is 
greater. 

b) The root has at least two children. 


c) The leaves of a B-Tree are at varying depths in the tree. 














d) The actual keys (“real” data elements) to be stored in the B-Tree are stored only in 
the leaves 


What are the minimum and maximum number of children for an internal (non-root) 
node of an order 13 B-Tree? 

a) min: 2 max: 3 

b) min: 2 max: 13 

c) min: 13 max: 27 





d) min: 7 max: 13 
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(f) 





What can never occur in a red-black tree (assuming that you are not right in the middle 
of running the insert or remove algorithm)? 
a) A black node with 2 red children. 
b) A red node with 2 black children. 
c) A red node with a black and a red child. 
d) A black node with a red and a black child. 














When we create a new node in a randomized skip list (i.e. “real” skip list), what is the 
probability that it will be a level-4 node? 

a) 1/4 
b) 1/8 
c) 1/16 
d) 1/32 














The array A, indexed from 1 through n, implements a heap. What is the index of the 
right child of A[4]? 

a) 6 

b) 8 

c) 9 
d) 11 














What is the result of a BuildHeap on the following array? (Assume MinHeap.) 
359146 


a)1 34569 
b)136549 














c)156943 
d)956143 
IfU ={123456789 }, which of the following represents a valid collection of disjoint 


sets? 
a) SLaa 2 824 23.45 6 JF sd a4 78 94 
b) SL=423.45 },52—{678 },53 =f 9°} 
COS] {123} s2—4 567-89 } 
d)81={2345},82={169},S83={87} 
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2. [Short Answer — 20 points (4 points each)]. 


(a) Applications for which B-Trees are the ideal choice would involve what particular kind 


NS” 


NS’ 


SS’ 


NS” 


of work in a computer system? 


Disk Access 


How long does it take to do a Find on a SkipList in the average case? In the worst case? 


Average case: O(log n) 
Worst case: O(n) 


What is the average running time of building a heap from a given array? 


O(n) 


What is the name for the Disjoint Set optimization which, having performed a Find, 
then points every node it encountered to the root of the set? 


Path Compression 


Given an adjacency matrix that represents a graph of n vertices, how long does it take 
to determine if there is an edge between any two given vertices? 


0(1) 
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3. [Graph Implementation — 10 points (5 points each)]. 
Consider the graph shown in the figure below. 


A) G-& 
A 








CaO 


(a) Fill up the Adjacency Matrix for this graph. 
A B C D E F 















































spicy 


C 
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4. [AVL Tree — 15 points]. 
Given the following AVL tree, we will insert the value 50. 


fn | n 


(a) Which is the first node, working from the bottom of the tree, that becomes unbalanced 
as a result of this insertion? If no node becomes unbalanced, answer “none”. (3 points) 


41 


(b) What rotation (specify single/double and right/left) do you need to perform at that 
node? If there was no unbalanced node for part (a), again answer “none”. (4 points) 


Double Left 


CS 225 Second Exam—Spring, 2002 6 Name: 





(c) Draw the AVL tree after both the insertion and any needed rebalancing work are com- 
pleted. You may draw any unmodified subtree as a triangle with the root at the tip. (8 


points) 


Ss 
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5. [B-Trees & Red-Black Trees — 15 pts]. 


(a) Consider the following B-Tree of Order 3: 


30.58 


20 25 35 45 C10) 


| \ 


10} 22) 28}; B2); #40; 50 60| 80 







































































Show the resultant tree after 56 is inserted. (If a sub-tree stays the same, it is okay to 
just draw a triangle with the root of the sub-tree at the top, instead of re-drawing the 
entire sub-tree.) (7 points) 

















10); 22; 8} B2 HO 50 56] [60 80 


The internal node with key value 53 can actually have any key value in 
the range of 50 to 55, inclusive. 
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(b) Consider the following red-black tree: 


© (2) 
Oo) = Gs) GQ 
O &Y & (s0) 


CS Red Node 
O Black Node 


(The black nodes are 1, 15, 20, 28, 30, 35, 42, and 98). 


Show the resultant tree after 15 is removed. (If a sub-tree stays the same, it is okay to 
just draw a triangle with the root of the sub-tree at the top, instead of re-drawing the 


entire sub-tree.) (8 points) 


You delete 15 and call the null in its spot X. X’s sibling is black and 
has no red children, so you do a combine (case 3). Color X’s sib (1) 
red and move X to the parent (10). X is now red, so exit and color X 

black. 
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6. [Interfacing — 10 points]. 


Name: 





You are given the task of hooking up the network for the new Siebel Center. Your primary 
objective is to get all the computers talking to each other as soon as possible. Also, there are 
some connections that need to be done before others because of bureaucracy. (The professors 


get connected before the TAs.) 


To aid you in this task, you may use the following data structures below: 


class NetworkJob 


{ 
public: 

int computer1; 

int computer2; 

void PerformConnection() ; 
} 


template <class Etype> 
class PriorityQueue 


{ 
public: 
int IsEmpty(); 
void Insert(int priority, Etype elem); 
Etype DeleteMin() ; 
$3 
class DisjointSet 
{ 
public: 
DisjointSet(int universeSize) ; 
int Find(int setElem) ; 
void Union(int elemi, int elem2); 
3 


// actually connect computers 1 & 2 


// 1 if PQ empty, O otherwise 
// Insert elem w/ priority 


// Remove and return highest priority elem 


// create universe 1 to universeSize 
// return set of setElem 
// union the sets of elemi & elem2 


To simplify the task, view each computer by its ID (1 to numberOfComputers). Also, you are 
passed in a priority queue PQ that is already populated with all the jobs. They just aren’t 
done yet. For the purposes of this problem, just ignore how PerformConnection works, just 


assume that it does. 


Finally, you only want to perform connections for computers that actually need to be con- 
nected. Ie, if two computers are on the same subnet, don’t connect them. In other words, 
you should have a tree (or forest) when done, not a graph. 


Run your algorithm until the priority queue is empty. Then return 1 if the network is fully 
connected (every computer can see every other computer) or 0 otherwise. 


(function header starts on next page) 
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int ConnectSiebel (PriorityQueue<NetworkJob> PQ, int number0fComputers) 
{ 

DisjointSet DS(number0fComputers) ; 

NetworkJob currJob; 


while ( !PQ.IsEmpty() ) f 
currJob = PQ.DeleteMin(); 


if ( DS.Find(currJob.computer1) != DS.Find(currJob.computer2) ) { 
currJob.PerformConnection() ; 
DS.Union(currJob.computer1, currJob.computer2) ; 


int firstSet = DS.Find(1); 
for (int i = 2; i <= numberO0fComputers; i++) 
if ( DS.Find(i) != firstSet ) 
return 0; 


return 1; 
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7. [Graph Conversion — 15 points]. 


You are given a two-dimensional array AdjMat that represents the adjacency matrix of a 
graph. The graph contains vertices labelled 0 through N - 1. Your job is to write the 
function AdjMatrixToList that converts the adjacency matrix to an adjacency list. 


The adjacency matrix is set up such that the expression AdjMat [i] [j] accesses info about 
the edge from vertex i to vertex j (i and j are both integers). The adjacency list will be an 
array of lists, as described in class; the edge node is defined as follows: 


class EdgeNode 


{ 

public: 
EdgeNode(int v = 0) : vertex(v), next (NULL) {} 
int vertex; // The vertex-row we are in has an edge to this vertex 
EdgeNode *next; // The next node in this row 

3; 


Please return the Array<EdgeNode*> that is the “array part” of the adjacency list. 


CS 225 Second Exam—Spring, 2002 12 Name: 





(Graph Conversion - cont) 


Array<EdgeNode*> AdjMatrixToList(int** AdjMat, int N) 
{ 

Array<EdgeNode *> AdjList(0, N-1); 

EdgeNode *lastNode, *currNode; 


AdjList. Initialize (NULL) ; 


for (int i= 0; i<N; i++) { 
for (int j = 0; j < N; j++) f 
if ( AdjMatlil[j] == 1) f 
currNode = new EdgeNode(j); 


if ( AdjList[i] == NULL ) { 
AdjList[i] = currNode; 

} else { 
lastNode->next = currNode; 


lastNode = currNode; 


return AdjList; 
} 
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8. [Modifying B-Trees — 15 points]. 


For our class BTree, write a function RedistributeRighward that will redistribute the chil- 
dren of two immediate siblings in the B-Tree in cases where the left sibling has many more 
children than the right sibling. The BTreeNode is defined as follows: 


template<class Etype, int b> 
class BTree { 


public: class BTreeNode; 


class BTreeNode { 


public: 
Array<int> indices; // Internal node: indices seperating children 
Array<BTreeNode*> subtrees; // Internal node: children of this node 
int numChildren; // Internal node: number of children 
int key; // Leaf node: the search key 
Etype* info; // Leaf node: the data record 
int isLeaf; // 1 if leaf, 0 if internal node 
BTreeNode* parent; // parent of this node 


}; 
}; 


b is the order of the BTree, and is an odd number. The arrays are all indexed starting with 
0. 


Note: in the declarations above, some of the member variables are not used for internal nodes, 
some are not used for leaves. 


Your function will take two parameters: a pointer, internal, to an internal node and an in- 
teger index, midIndex, where (internal->indices) [midIndex] is the key value that divides 
the two immediate siblings, which are pointed to by (internal->subtrees) [midIndex] and 
(internal->subtrees) [midIndex+1]. 


When the function ends the number of children for the two immediate sibilings should differ 
by no more that one. They should also be valid B-Tree nodes. You are not allowed to use 
any of the member functions of the BTree class. Again, note that you don’t need to code the 
case where the right sibling has more children than the left sibling; we’re assuming the left 
sibling will have more children, in order to save you some work. 


(function header starts on next page) 
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template<class Etype, int b> 
void BTree<Etype, b>: :RedistributeRightward ( 


{ 


BTree<Etype,b>::BTreeNode *internal, int midIndex) 


BTree<Etype,b>::BTreeNode *left = (internal->subtrees) [midIndex] ; 
BTree<Etype,b>::BTreeNode *right = (internal->subtrees) [midIndex+1] ; 


/* Because of problem specification, we assume that left and right are 
both internal nodes and left has more children than right */ 


int numLeftChildren = (left->numChildren + right->numChildren) / 2; 
int numRightChildren = left->numChildren + right->numChildren - numLeftChildren; 


int shift = numRightChildren - right->numChildren; 


/* Move current children of right to the right */ 

for (int i = right->numChildren-1; i >= 0; i--) f 
(right->indices) [itshift] = (right->indices) [i]; 
(right->subtrees) [it+shift] = (right->subtrees) [i]; 


/* Move children from left to right */ 

for (int i = 0, int j = left->numChildren-shift; i < shift; i++, j++) f 
(right->indices) [i] = (left->indices) [j]; 
(right->subtrees) [i] = (left->subtrees) [j]; 


/* Fix the indices in right and the parent (internal) */ 
(right->indices) [shift-1] = (internal->indices) [midIndex] ; 
(internal->indices) [midIndex] = (left->indices) [left->numChildren-shift-1]; 


/* Correct numChildren field in left and right */ 
left->numChildren = leftNumChildren; 
right->numChildren = rightNumChildren; 
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